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19. CONSANGUINITY

THE CONSANGUINITY CODINGS

In none of the hospitals visited had any informa-
tion on consanguinity previously been recorded on
the case-sheets of the patients. When discussing
what information could be elicited accurately for the
purposes of the study the physicians in several of the
hospitals felt that the full coding proposed was too
elaborate. Accordingly in these centres some
simpler system was agreed, that most frequently
adopted being: (1) no consanguinity, (2) first
cousins, and (3) less closely related than first cousins.
The codings adopted for each centre are set out in
the appropriate Table IX in the Basic Tabulations by
Centres booklet. It is, however, possible to regroup
the data where necessary from all centres into the
simple three classes mentioned above.

RELIABILITY OF THE DATA

Cross-checks on accuracy of recording could not
be arranged and there are, judging from past
experience, likely to be some inaccuracies in the data.
In particular there may be underrecording resulting
from unwillingness of mothers to admit to what is
thought, in greater or lesser degree, to be undesirable
in many communities.

There is no reason to believe that there were any
systematic biasses in recording. The possibility of
such errors arising were discussed with those in the
hospitals visited and in particular, whenever pos-
sible, it was arranged that the mother should be
questioned before the child was born. The possible
association of consanguinity with conservatism
about marrying relatives in the lowest income
groups in rapidly developing societies where inbreed-
ing is decreasing raises problems, if there should also
be a higher frequency of certain malformations in the
lowest income groups. This is mentioned later as a
possible contribution to some of the association of
consanguinity with anencephalus in Alexandria.

Data from Belfast and Mexico 2 are not included
in the main tabulations in this section. In both
cases, after consultation with the organizers it was
agreed that the data were not complete. As will be
seen from Table 19.4, in the 22 centres there were in
all 14 000 mothers recorded as related to their

husbands in 369 472 marriages for which records of
consanguinity were made, i.e., in 3.7% of all mar-
riages. However, the frequency of consanguinity
varied very considerably from about 339 in
Alexandria to less than 0.1 in Zagreb.

ASSOCIATION OF CONSANGUINITY
WITH STILLBIRTHS AND DEATHS OF INFANTS
BEFORE LEAVING HOSPITAL

As consanguinity might be expected to be associ-
ated with stillbirths and early deaths and with
increased malformation frequency it seemed advis-
able to ensure that any effect of consanguinity on
mortality did not merely reflect higher mortality in
malformed infants. In Table 19.1, therefore, the
frequency of consanguinity is shown in single-born
infants who failed to survive, excluding those who
were malformed.

It will be seen that over-all the mortality in the
offspring of consanguineous parents (855/13 736, or
62.1 per 1000 total births) was considerably higher
than in those of unrelated parents (12 779/355 710,
or 35.9 per 1000). Table 19.2, part A, sets out the
data in convenient form for comparison of the
effects of consanguinity and mortality in individual
centres. Such comparisons were made both using
exact X2 tests and by calculating an expected number
of LBD and SB infants in the offspring of related
parents based on the experience of the unrelated
parents. As the populations of births are relatively
large and the numbers of stillbirths and hospital
deaths small, it seems appropriate where possible to
use the latter method as the more valid, to treat the
ratios as Poisson variables and to tzst for significance
of the differences on that assumption. By reason of
the nature of the data a 19 level of significance
seems to be appropriate in order to have confidence
in the validity of differences. On such a basis the
observed numbers of LBDs and SBs in the offspring
were higher where the parents were related than
where they were not in Bombay, Kuala Lumpur and
Singapore. In Czechoslovakia, Hong Kong and
Zagreb, where no deaths were observed in the off-
spring of related parents, comparisons could be
made only by exact X% tests. The difference was
significant at a 5% level in Hong Kong.
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As will be seen, there is considerable variation
between centres in the ratio of observed to expected
and it is less than unity in a number of centres so that
if an expressed inbreeding “load ” was calculated
(Morton, Crow & Muller, 1956) it would be negative,
a phenomenon pointed out by Neel (1963).

Nevertheless, that consanguinity is the main
determinant of the observed excess mortality in the
offspring of related parents is strongly suggested by
the summed data. The frequency in the offspring of
marriages of those related as first cousins or closer
was 692/10 492 while that in those of less closely
related parents was 163/3271; this difference is
highly significant (X2 =11.38; DF = 1; P<0.001).

It is of interest to note that in Alexandria, where
the consanguinity rates are very high and the
mortality also very high and presumably largely
socially determined, mortality is the same in the
offspring of related and unrelated parents.

MORTALITY BY SEX IN THE FOUR TYPES OF
FIRST-COUSIN MARRIAGE

In some of the centres the recording of the types
of consanguinity was in some detail and included the
four types of first-cousin marriage. The coding used
was type A, marriage of the son and daughter of two
brothers; type B, marriage of the son and daughter
of two sisters; type C, where a sister’s daughter
marries her brother’s son, and type D, where a
sister’s son marries her brother’s daughter. In
types A and C there is no possibility of a female
infant receiving the same X-chromosome from one
of her common grandparents. In types B and D
there is a possibility of her receiving such a chromo-
some or at least one carrying much of the genetic
material of one derived from a common grandparent.
In type B the probability is 3/16 and in type D 1/8.

If there were sex-linked lethals on a chromosome
they could not (by definition) be transmitted by
males, but sex-linked subvitals or partially sex-
linked lethals (if such exist) could be transmitted and
could contribute to a higher mortality in females
whose parents were related as in B and D than in
those whose parents were related as in A and C.
The data from Sdo Paulo, Bombay, Kuala Lumpur,
Singapore and Pretoria are suitable for such an
analysis and the data are set out in Table 19.3. As
will be seen there is no significant difference at a
5% level : 75/1280 (5.8%;) and 114/1513 (7.8%)
(x2 = 2.81, DF = 1; P<0.1). This finding is in
agreement with those of Schull (1958).

POSSIBLE FURTHER ANALYSES OF CONSANGUINITY
AND MORTALITY DATA

In recent years elaborate approaches to analysis of
such consanguinity data have been developed (see
Morton, Crow & Muller, 1956; Crow, 1958) and
there has recently been a comprehensive review by
Schull & Neel (1965). Use of such analyses, how-
ever, requires a confident identification of the degree
of each consanguineous marriage and use of appro-
priate coefficients of inbreeding to enable the detri-
ment to the offspring to be expressed in terms of
lethal equivalents. The data on which such calcula-
tions could be based are set out fully in the Basic
Tabulations by Centres booklet. The authors may
set out such an analysis later when a number of
further inquiries to centres have been answered and
they are satisfied that the data are sufficiently
accurate to justify more sophisticated numerical
treatment.

ASSOCIATION OF CONSANGUINITY AND MALFORMATIONS

Consanguinity and all malformations

When all major malformations are considered it
will be seen from Tables 19.2, part B, and 19.4 that a
higher proportion of the parents of malformed
children than of normal infants were consanguineous
and that there is a considerable variation in contribu-
tion to the total proportions from different centres.
Of the 237 malformed infants born to related parents,
the major contributors are Alexandria (48 cases),
Bombay (52 cases), Singapore (25 cases), Bogota
(14 cases), Medellin (21 cases), Panama (13 cases)
and Pretoria (11 cases). These are all centres where
the parental consanguinity rate for all births is high.
In contrast, six centres, all with low over-all consan-
guinity rates, contributed none or a single case.
Over-all, there is no material difference in the mal-
formation frequency in the offspring of FC & CFC
and LFC parents (Table 19.4) although in both
Alexandria and Bombay the frequencies are signifi-
cantly higher in the offspring of the former than of
the latter.

Table 19.2, part B, sets out the data for comparison
in the same form as in 19.2, part A, for mortality.
The numbers of malformations are relatively small
and again the comparisons are made either on the
assumption that the ratios may be treated as Poisson
variables or by exact Xx* tests. There appear to be
significantly higher malformation frequencies in
children born to related parents in Medellin, Cze-
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choslovakia, Alexandria, Bombay and Panama. In
all the other centres the ratio of observed to expected
is greater than unity with the notable exception of
Johannesburg, where there is a relative excess of
malformed in the offspring of unrelated parents
which, on a basis of exact probability, is unlikely to
have occurred by chance.

Consanguinity and specific groups of malformations

Little can be learned from consideration of the
numbers of related parents of all malformed. These
defects are very heterogeneous in etiology and, as
has been shown in section 15, a number of them are
really the expression of homozygosity for a single-
gene mutation.

It is therefore necessary to look at the associations
of consanguinity with specific groups of malforma-
tions. It would be preferable, of course, to look at
those of individual malformations, but in very few
are the numbers sufficiently large to permit of
meaningful comparisons. The percentage of con-
sanguineous parents of all infants who were not mal-
formed was 3.79%,. As may be seen from Table 19.5,
this proportion is exceeded in the B, G, J, K, M and
N groups and the contribution from each of these
groups therefore appears to merit some con-
sideration.

Consanguinity in the parents of children with neural
tube defects (BI-B7)

Consideration of the data in Table 19.5 shows
that much the largest contribution to the number of
related parents who had a child with a neural tube
defect comes from Alexandria. In that centre the
frequencies of all neural tube defects in children of
parents of the different types were, first cousins and
closer, 30/2109 (14.2 per 1000); related in less degree
than first cousins, 9/1046 (8.6 per 1000); and un-
related 37/6431 (5.7 per 1000). This pattern strongly
suggests a real influence of consanguinity.

As can be calculated from the figures, even if the
Alexandria data are omitted there is still a signifi-
cantly higher frequency in the other centres in the
offspring of consanguineous marriages (P > 0.001).
The other major contributing centre is Bombay. If
the data from that centre are also removed there still
remains an excess of consanguinity in remaining
related parents of children with neural tube defects
relative to those unrelated. However, after both the
Bombay and Alexandria data have been removed
the difference is no longer technically significant.

If we ignore neural tube defects there remain 3816
malformed children and, of these, 162 (4.29%) had
consanguineous parents. The frequency of these
malformations in the offspring of consanguineous
marriages was 162/13 925 (11.6 per 1000) and their
frequency in the offspring of unrelated marriages
was 3816/352 866 (10.8 per 1000), a difference which
is not significant.

It is clear, therefore, that in these data by far the
most important contribution to any association
between malformations and consanguinity is from
the neural tube defects and further, that the two
centres mainly contributing are Alexandria and
Bombay. This is rather unexpected and a significant
increase in the offspring having neural tube defects
born to related parents has not been shown in any
other data. However, in the only large series of
cases where consanguinity of parents has been
known to have been analysed, either the frequency
of neural tube defects or that of consanguinity of
parents has been low so that the data have not been
very informative (Schull & Neel, 1965).

Polman (1951) and Penrose (1957) have suggested
that some cases of anencephalus are determined by
single recessive genes but the evidence has not been
very impressive. It is not uncommon for women to
give birth to two or more anencephalics in different
pregnancies but this is usually attributed to unfavour-
able intra-uterine environmental influences and to
support a predominantly maternal determination
there is the well-known case of a woman who,
having had three anencephalic foetuses by her
husband, subsequently had a fourth following
artificial insemination by donor (Horne, 1957). No
morphological differences have been demonstrated
in cases suspected of being determined by single
recessive genes, although from other experience it
would be expected that a difference would be detect-
able between a single-gene manifestation and a
“ phenocopy ”. These and other considerations
mentioned in section 4, particularly the high correla-
tions between countries of frequencies of neural tube
defects, suggest that any single-gene contribution, if
present, must be very small and contribute very little
to the association between neural tube and consan-
guinity frequencies in the present data.

Harelip (G1) and harelip and cleft palate (G2)

Seven of 118 (5.5%) infants with harelip had
related parents. In addition, of 10 cases where
harelip was only one of two or more malformations,
one was in the child of a consanguineous marriage.
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In 13 of the 250 cases of harelip and cleft palate
(5.2%) the parents were related, and in the 43 cases
where harelip and cleft palate was one of other mal-
formations and consanguinity was recorded, the
parents of three were related.

These proportions are not significantly higher than
in the parents of children who were not malformed.
Little more can be said except that the findings by
Schull (1958) in Japanese children were similar.

Cleft palate (G3) and consanguinity of parents

Of 83 cases of cleft palate the parents of six (7.4 %)
were related. There were also 34 cases of cleft palate
in the N group and three were born to related parents.
Taking cases in the G3 and N groups together, of
the 117 cases nine had related parents.

1t is difficult to interpret these data. In the Japa-
nese data reported by Schull (1958), six of 35 cases
of cleft palate had related parents but it is not clear
from the data whether these included cases with other
malformations. From time to time a small non-
significant association of cleft palate and consan-
guinity has been reported in other series. It has now
occurred so often that the association must be
suspected of being real.

Malformations of the limbs and extremities (J) and
consanguinity

There were 44 cases in the J group where the
parents were related. The frequency of consanguin-
ity in the parents in all affected in this group is
significantly higher than in those of normal children
(P > 0.001). However, cases appear to be scattered
more or less at random over the seven subdivisions of
the J group, and there are no significant differences
in any one centre. As ulnar polydactyly and poly-
dactyly (NFS) (which is mainly ulnar) predominate,
inevitably most cases are in these subgroups. It must
be suspected that some of the cases of polydactyly
were part of a recessive gene syndrome not fully
manifest or recognized at birth (e.g., ulnar poly-
dactyly and juvenile cataract) or represented the
only detectable malformation of several, the others
being internal (as in many cases illustrated in the N
group in the various centres; see the Basic Tabula-
tions by Centres booklet).

Other local and general skeletal malformations (K)
and consanguinity

There were five cases in this group where the
parents were related and no more than one occurred

in any centre. Two of the cases were of Pierre Robin
syndrome, which might reasonably be assumed to
be due to a single recessive gene. There were in all
only 21 cases of this syndrome (including one in
the N group).

Two other cases with related parents were of
osteogenesis imperfecta. It is possible but unlikely
that these also were due to single recessive genes.
There were only 11 cases in all of this condition.
However, cases of the severe type of this condition,
which determines the “ bag of bones ” at birth, may
have sibs with very mild manifestations, such as blue
sclera only; and there is no reason to doubt from the
recent work of Smars (1961) that all types of cases
are determined by single dominant genes. Of the
remaining two cases in the K group with consan-
guineous parents one was of chondrodystrophy. As
the child was stillborn and there is no evidence, such
as the occurrence of chondrodystrophia foetalis in
more than one sib, that the condition is ever caused
by a recessive gene, nothing useful can be said.

The remaining case was of arthrogryphosis mul-
tiplex, which has only twice been recorded as
occurring in sibs of an index case.

Consanguinity in parents of children with defects in
the M group or miscellaneous group

There can be little doubt that the rather high pro-
portion of consanguineous parents of children
affected by one of these miscellaneous malformations
is the result of the considerable number of single
recessive gene traits in the group as discussed in
section 15. Included in the 12 such cases listed in
Table 19.6 are three cases of the anophthalmia/
microphthalmia complex, which appears usually to
be so determined; one case of epidermolysis bullosa
in a child who died in hospital was almost certainly
so caused, although non-lethal epidermolysis bullosa
of the dominant type may be detectable at birth
(Davison, 1965). “ Agenesis of sclera > was reported
in another child. It is difficult to know the meaning
of this term, but the condition may have been due to
a recessive gene.

Consanguinity in parents of children with multiple
defects (N)

The defects in this group where parents were
related are listed in Table 19.7. The frequency of
multiple malformations is not significantly greater
in the offspring of related than in those of unrelated
parents. They are a varied group and on the whole
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fairly representative in type of those in the rest of
the N group. None of them appears to correspond
to any syndrome generally accepted as being due to
homozygosity for a single recessive gene and it is a
matter of speculation as to whether any was so
caused. As will be clear from the table, most of
the cases occurred in centres where consanguinity
rates are high. (Two cases from Mexico 2 are listed
in this table, which accounts for the difference
between the 19 cases listed and the 17 cases in the N
group shown as having consanguineous parents
in Table 19.5.)

DISCUSSION

As already stressed, the great majority of cases
contributing to the increased frequency of malforma-
tion in the offspring of consanguineous parents
were cases of neural tube defects, with anencepha-
lus without spina bifida (B1) and with that defect
(B2), spina bifida (B6), and hydrocephalus with-
out spina bifida (B3) contributing most. There is a
small but non-significant excess of other types of
malformed children born to related parents but
most, and indeed possibly all, of this excess is
attributable to single recessive genes.

It is difficult to conceive of any substantial con-
tribution to the neural tube defects being due to
recessive genes, and the association with parental
consanguinity of all types of anencephalus and
hydrocephalus, taken together with the high correla-
tions of the frequencies of these conditions in centres
(section 4), suggest the need for a more complex
explanation. The evidence for an effect of consan-
guinity on the frequency of stillbirth and death in the
first few days of life considered above is rather con-
vincing. The excess mortality in the offspring of
related parents is reasonably uniformly distributed
over all the centres when allowance is made for
sampling fluctuations in centres where the fre-
quency of consanguinity was low. Further, there
is reassuring evidence from the significant differ-
ences in all comparisons between mortality in off-
spring of unrelated couples and those related in
varying degrees.

Although the writers are not sufficiently convinced
of the theorctical basis for making more elaborate
calculations based on the mortality data, and have
called attention to some of the uncertainties of the
data, they would like to mention that in their opi-
nion the data are much better than many which Ahave
been used for such calculations.

There has been much argument as to the inter-
pretation of these associations of consanguinity with
developmental anomalies. They are difficult to
attribute to homozygosity for specific recessive genes
and the general pattern is that, although they are
found in sibs, parents or children, they so occur in
frequencies which are too low for such monomeric
interpretation, unless it is postulated that the geno-
type is only expressed as an abnormal phenotype in a
small proportion of cases. Nevertheless the fre-
quency in sibs is found to be perhaps 5-10 times as
high as that in the general population. Although it
is difficult to conceive of much failure of expression
of harmful recessive genes in man it must be remem-
bered that such an opinion is based to some extent
on a circular argument, in that our only means of
identifying such genes in man are segregation in the
predicted Mendelian ratios in association with con-
sanguinity. It is further extremely difficult to exclude
in sibs uterine environmental factors in common
rather than genotypic identity or similarity as the
main determining factor.

It should be remembered that evidence previously
advanced for a real association of consanguinity with
the non-monofactorial types of developmental
anomalies that constitute most of the malforma-
tions reported in this study is not at all strong. The
question of such an association was raised by Neel
& Schull (1956). Their findings appeared to suggest
some slight association not technically significant
over a range of malformations, perhaps in particular
with children who had multiple malformations in
uncommonly recurring patterns. They inclined to
the view that these were unlikely to be due to homo-
zygosity for very rare recessive genes which deter-
mine syndromes not generally recognized or studied.
The numbers of neural tube defects in the Japanese
data were small and perhaps did not constitute a
sufficient basis on which to interpret associations with
consanguinity, but there was, in fact, an increase of
consanguinity in the parents of affectzd children.

Schull & Neel (1965) have recently considered the
arguments concerning any associations of these
morphological developmental failures with con-
sanguinity of parents.

They may be summarized, as non-technically as
possible, as follows:

(1) A large number of these conditions are predomin-
antly the expression of single-gene mutations and their
frequencies represent the relationships of gene frequencies,
degrees of dominance and frequency of manifestation
of the genotypes.
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(2) Heterozygosity is necessary at a minimum number
or proportion of gene loci if normal development is to
take place. Inevitably even the contribution to reduction
of heterozygosity from inbreeding in man, which is small
relative to that from the intense inbreeding which can be
practised in experimental animals, is reflected in a small
increase in consanguinity of the parents of children with
some of these anomalies. This is a gross over-simplifica-
tion of some suggestions of Lerner (1954).

(3) The genotypic background to such developmental
failures is predominantly multifactorial in the sense that
it is a composite of the situation at many gene loci and
that there is a substantial contribution of genes whose
effects are essentially additive, i.e., without dominance
or recesssiveness. On such a hypothesis normal develop-
ment is probably up to a certain level of accumulation
of plus or minus values or combinations of such genes,
but beyond that threshold normal development becomes
increasingly less likely ; the effective value for the
threshold is probably varied considerably by environ-
mental factors.

There is a tendency in all such discussions to
forget how heterogeneous many of these traits really
are and that for purposes of numerical analysis
anomalies are often grouped together which are
really only similar, not identical, because discrimina-
tion of the morbid anatomy has not yet served to
make adequate separations. As a result, the cases
may well be a mixture of cases determined at single-
gene loci, cases determined by more complex mecha-
nisms and cases where the genotypic contribution is
minimal or absent.

In essence, none of these hypotheses is easy to
prove or disprove, at least to the satisfaction of all
geneticists, and it seems likely that all are valid in
different cases. It is hoped that, as a result of this
study, some more detailed investigation designed to
elucidate some of these problems will be undertaken.
There are some suggestions along these lines in
section 21.
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TABLE 196 MALFORMATIONS IN SINGLE-BORN INFANTS IN M GROUP WHOSE PARENTS WERE RELATED

Centre MNg;;:}p gﬁfvﬁ,':l’ Consanguinity Malformations
Melbourne 2 M 10 F LBD LFC Epidermolysis bullosa
Medellin M 2 F LBA LFC Epigastric hernia
Alexandria M1 M SB FC Absence of bridge of nose; microphthalmia
Alexandria M 2 F SB LFC Failure of midline fusion of mandible
Bombay M 2 F LBA FC Anophthalmia
Bombay M 3 M LBA FC Anophthalmia
Bombay M 4 M LBD FC “ Agenesis of sclera”
Kuala Lumpur M 10 M LBD LFC “ Conjunctival opacities " (? corneal)
Kuala Lumpur M 12 M SB FC Marfan's syndrome
Kuala Lumpur M18 F SB FC “ Monster "
Singapore M 4 F LBA LFC Anophthalmia
Pretoria M2 M SB FC Massive thyroid tumour

TABLE 19. 7 MALFORMATIONS IN SINGLE-BORN INFANTS IN N GROUP WHOSE PARENTS WERE RELATED

Centre NN:;JSp ‘:‘S:le? Cgt::;:?tr;- Malformations

Melbourne 1 N 8 M LBA LFC Tracheo-oesophageal fistula; imperforate anus; absent radii

S&o Paulo N 4 M LBA LFC Cleft nose; recurved penis

S&o Paulo N 7 ? LBD FC Indeterminate sex; horseshoe kidney; open cranial suture

Bogota N 3 M LBD FC Agenesis of nose; hypoplasia of penis; talipes; agenesis of
2nd phalanges of fingers 2, 3 and 4

Medellin N 9 M LBA FC HL/CP; polydactyly (ulnar); cranium bifidum

Medellin N 12 ? SB FC HL; exomphalos; ambiguous genitalia

Medellin N 20 F SB FC “ Absence " of neck; aplasia of genitalia

Alexandria N 1 M LBA FC Talipes; abnormal features

Alexandria N 3 M SB FC Talipes; ankylosis of | ; clubbed hands; hypospadias

Bombay N 4 M LBA FC HL/CP; imperforate anus

Bombay N 8 M LBD CFC HL/CP; polydactyly (ulnar); talipes

Bombay N1 M LBA FC CP; talipes

Singapore N 4 F LBA LFC CP; atresia of auditory meatus

Mexico 1 N 10 F LBD FC Fissure of gum; short limbs; defects of digits of hands and feet

Mexico 2 N 7 M LBA LFC Talipes; low-set ears

Mexico 2 N 11 M LBA LFC CP; micrognathia; abnormal position of ear

Manila N 7 M LBA LFC HL/CP; shield-like chest and hypoplastic breasts

Manila N 20 F LBD LFC Anophthalmia; microtia; microstomia; micromelia; rudimen-
tary digits

Madrid N 4 M LBA LFC Arthrogryphosis multiplex; hypospadias




